S ignificant changes in eating and physical activity behaviors that cause weight loss can improve insulin resistance and other biological markers relevant to cardiovascular disease risk in patients who are obese and have type-2 diabetes mellitus (T2D). 1 Lifestyle modification is first-line therapy in efforts to raise high-density lipoprotein cholesterol (HDL-C) and to lower triglyceride levels. 2 However, the response to behavioral intervention is inconsistent. HDL-C and Background-High-density lipoprotein cholesterol (HDL-C) and triglycerides are cardiovascular risk factors susceptible to lifestyle behavior modification and genetics. We hypothesized that genetic variants identified by genome-wide association studies as associated with HDL-C or triglyceride levels modify 1-year treatment response to an intensive lifestyle intervention, relative to a usual care of diabetes mellitus support and education. Methods and Results-We evaluated 82 single-nucleotide polymorphisms, which represent 31 loci demonstrated by genome-wide association studies to be associated with HDL-C and triglycerides, in 3561 participants who consented for genetic studies and met eligibility criteria. Variants associated with higher baseline HDL-C levels, cholesterol ester transfer protein (CETP) rs3764261 and hepatic lipase (LIPC) rs8034802, were found to be associated with HDL-C increases with intensive lifestyle intervention (P=0.0038 and 0.013, respectively) and had nominally significant treatment interactions (P=0.047 and 0.046, respectively). The fatty acid desaturase-2 rs1535 variant, associated with low baseline HDL-C (P=0.017), was associated with HDL-C increases with intensive lifestyle intervention (0.0037) and had a nominal treatment interaction (P=0.035). Apolipoprotein B (rs693) and LIPC (rs8034802) single-nucleotide polymorphisms showed nominally significant associations with HDL-C and triglyceride changes with intensive lifestyle intervention and a treatment interaction (P<0.05). Phosphatidylglycerophosphate synthase-1 single-nucleotide polymorphisms (rs4082919) showed the most significant triglyceride treatment interaction in the full cohort (P=0.0009). Conclusions-This is the first study to identify genetic variants modifying lipid responses to a randomized lifestyle behavior intervention in overweight or obese individuals with diabetes mellitus. The effects of genetic factors on lipid changes may differ from the effects on baseline lipids and are modifiable by behavioral intervention. (Circ Cardiovasc Genet. 2013;6:391-399.) (I.P.). The online-only Data Supplement is available at http://circgenetics.ahajournals.org/lookup/suppl/
triglycerides levels are heritable, 3, 4 as are lipid responses to overfeeding 5 and exercise training, 6 suggesting that genetic factors contribute to the lipid response to behavioral intervention. What is currently largely unknown is which common genetic factors influence or predict the HDL-C and triglyceride level response to behavior modification. Collectively, genome-wide association studies (GWASs) have identified single-nucleotide polymorphisms (SNPs) in ≥95 loci, the combined effects of which account for ≈10% to 12% of the total variance in HDL-C and triglyceride levels. 7
Clinical Perspective on p 399
The Action for Health in Diabetes (Look AHEAD) study is a multicenter trial that randomly assigned participants with T2DM who were overweight or obese to an intensive lifestyle intervention (ILI), with the goal of producing 7% weight loss through calorie restriction and physical activity, or to diabetes mellitus support and education (DSE) with no weight loss or physical activity goals. 8 Compared with large observational cohort studies, the Look AHEAD study has the unique strength of being able to analyze the effect of genetic factors on lipid trait change in response to 2 randomly assigned behavioral interventions. At baseline (year 0), the majority of Look AHEAD participants demonstrated decreased fitness 9 and consumed a diet that exceeded recommended nutrient intake for total fat and saturated fat with reduced fiber content. 10 After the first year (year 1), participants in the ILI arm lost significantly greater amounts of weight and showed greater improvement in fitness, waist circumference, and indices of diabetes mellitus control, including metabolic syndrome, diabetes mellitus medication use, hemoglobin A1-c, and fasting glucose, compared with participants in the DSE arm. 11 Participants in both groups demonstrated improved HDL-C and triglyceride levels at year 1; however, the ILI group showed greater improvements compared with the DSE group. 11 Changes in low-density lipoprotein cholesterol were similar in both groups.
Gene variants that modify the behavioral treatment response of HDL-C and triglycerides may have potential for directing personalized medical or behavioral treatment programs. With this overarching goal, we hypothesized that GWAS-identified SNPs associated with HDL-C and triglyceride levels are also associated with HDL-C and triglyceride responses to the behavioral therapy implemented in Look AHEAD. To test this hypothesis, we examined the interaction of SNP with treatment arm at 1 year and analyzed the HDL-C and triglyceride response to ILI and DSE between Look AHEAD carriers of the minor allele of HDL-C and triglyceride SNPs included on the ITMATBroad-CARE (IBC) array chip.
Material and Methods
Detailed methods are described in the Supplement. Of 4099 Look AHEAD participants whose DNA was collected, 353 subjects taking niacin or fibrates were excluded because of their effects on HDL-C and triglycerides, and 185 subjects were excluded because of genotyping failure yielding an effective sample size of 3561 participants. All participants included in this study signed informed consent for participation in the Look AHEAD trial and genetic analyses with Institutional Review Board approval at their local institution; this analysis was approved by the Tufts Medical Center and Miriam Hospital Institutional Review Boards. Genotyping was performed using the IBC chip. A search of published literature using the HUGE Navigator in April 2012 for HDL-C and triglycerides GWASs returned 89 SNPs associated with HDL-C alone, 48 SNPs associated with triglycerides alone, and 22 SNPs associated with both HDL-C and triglycerides; 82 SNPs were selected for this study that were either a GWAS SNP or a proxy for a GWAS SNP (Tables I and II in the  online-only Data Supplement) . HDL-C and triglyceride levels were measured after a >12-hour fast. 11 Nontransformed HDL-C and logtransformed triglyceride levels were analyzed ( Figure I in the onlineonly Data Supplement).
Baseline and year 1 measurements for each outcome of interest were modeled jointly, as bivariate normal variables with an unstructured covariance matrix. Three-way interaction models of individual SNP markers with measurement time (year 1 versus baseline) and study arm (ILI versus DSE) were estimated in Splus 8.2 12 using restricted maximum likelihood. An additive genetic model was used for all SNP markers, with genotype coded by the number of minor alleles (0/1/2 copies). Therefore, 4 distinct types of SNP effects were estimated, which can be interpreted as the effect of 1 additional copy of the corresponding minor allele on (1) baseline lipid levels within DSE (SNP main effect), (2) ILI-DSE differences in baseline lipid levels (SNP×treatment interaction), (3) 1-year change in lipids within DSE (SNP×time×treatment interaction), and (4) ILI-DSE differences in 1-year change in lipids (SNP×time×treatment interaction). Set type 2 parameters serve as a randomization check. No betweenarm differences in baseline means were detected for any of the markers under consideration.
All our results are based on full 3-way hierarchical interaction models, with no additional model simplification. To aid with the interpretation of SNP×time×treatment interactions, we report marker effects on 1-year change separately for ILI and DSE. Main marker effects at baseline include all participants from both study arms.
Longitudinal outcomes were additionally adjusted for age, sex, hormonal replacement therapy at baseline, concurrent drug use (lipid medication, thiazolidindione medication, with pioglitazone and rosiglitazone effects modeled separately), study site, and the first 2 ancestry informative marker principal components (Methods in the online-only Data Supplement) as previously described. 13, 14 Other than study site, all of these covariates were fully interacted with time, treatment, and time by treatment interaction so as to allow for these covariate effects to vary across study arm and time point, in a manner similar to the SNP effects described earlier.
Using the method of Li and Ji 15 for our experiment of 82 SNPs, we computed our multiplicity-adjusted threshold for significance of SNP main effects on baseline outcomes as P<0.0009, taking into account the effective number of uncorrelated markers being tested. However, because we expect SNP×treatment interactions to have smaller effect size than SNP main effects, we chose to report all such interaction findings that reached a P<0.05 threshold for nominal significance. 16 The locus-wide threshold significance used in regional plots was P<2.9×10 −6 using the approach described by Li and Ji. 15
Results

Look AHEAD Genetic Study
Baseline characteristics of Look AHEAD study participants not taking fibrates or niacin for whom genotype data from the IBC array were available are shown in Table 1 . Significant differences in year 1 lipid and thiazolidindione medication use were observed between participants in the DSE and ILI groups ( Table 1) , 11 with statin use increasing in ILI to a lesser extent than in DSE. Look AHEAD Genetics Study participants in the ILI group showed highly significant year 1 differences in HDL-C and triglycerides as compared with participants in the DSE group (both P<0.0001; Table 1 ). However, they did not differ in terms of either low-density lipoprotein (P=0.48) or total cholesterol (P=0.26).
SNPs Associated With Baseline Lipid Traits and Treatment Response
SNPs that show an interaction with response to behavioral treatment for HDL-C and log-transformed triglyceride levels below a level of nominal significance (SNP×treatment P<0.05) are shown in Tables 2 and 3 , respectively, while SNPs that show an association with baseline levels averaged across the 2 study arms below a significance threshold corrected for multiple hypothesis testing specific to this analysis (P<0.0009) are shown in Tables IV and V in the online-only Data Supplement. Out of 82 SNPs selected for analysis based on previous HDL-C or triglyceride GWASs, we identified 20
SNPs associated with baseline HDL-C levels and 12 SNPs that demonstrated evidence of behavioral treatment effect modification; cholesterol ester transfer protein (CETP) rs3764261 showed both a significant baseline HDL-C association and a nominal treatment interaction. For triglyceride levels, we identified 27 SNPs associated with baseline levels and 6 SNPs that demonstrated evidence of behavioral treatment effect modification. SNPs in lipoprotein lipase (LPL) and phospholipid transfer protein (PLTP) were associated with both baseline HDL-C and triglycerides. Polymorphisms in CETP and lecithin-cholesterol acyltransferase (LCAT) were found to be only associated with baseline HDL-C, whereas SNPs in *The number of American Indian participants included in this study is proportionally less than the parent Look AHEAD trial because of limitations in genetic consent.
angiopoietin-like protein 3 (ANGPTL3), glucokinase regulatory protein (GCKR), propionyl-coenzyme A carboxylase β chain (PCCB), tribbles-like protein 1 (TRIB1), FADS-2, and cartilage intermediate layer protein 2 (CILP2) were only associated with baseline triglyceride levels. The direction of effect of significant minor allele association with baseline HDL-C and triglyceride levels in Look AHEAD agreed with the published GWAS association. The replication of many GWAS HDL-C and triglyceride SNP associations with baseline Look AHEAD measures indicates that these SNP associations are unlikely to be weakened significantly by T2D and obesity.
In agreement with previous studies, 17, 18 numerous LPL SNPs were associated with both baseline HDL-C and triglyceride levels in Look AHEAD. LPL rs17410962 was most strongly associated with baseline HDL-C (β±SE=2.41±0.36 mg/ dL; P=3.6×10 −11 ) and log(triglycerides) (β±SE=−0.12±0.02; P=1.4×10 −10 ). In the original scale of the data, this implies an 11% reduction in baseline triglyceride levels per copy of the minor allele (β=0.89; 95% confidence interval, 0.85-0.92). PLTP SNP rs6065904 was also found to be significantly associated with baseline HDL-C and triglyceride levels. However, LPL and PLTP minor allele carriers demonstrated year 1 changes in lipid traits that were in the same direction in the DSE and ILI treatment groups with a nonsignificant SNP×treatment interaction P value. The lack of a treatment response association for LPL and PLTP SNPs indicated that genetic variants significantly associated with baseline HDL-C and triglyceride levels do not necessarily predict behavioral treatment response.
Genetic Predictors of Differential Lipid Level Response to Behavioral Therapy
Three hepatic lipase (LIPC) SNPs demonstrated evidence of behavioral treatment effect modification at year 1 for both HDL-C and triglyceride changes (Tables 2 and 3 ), in either the full Look AHEAD cohort or just in non-Hispanic white participants. LIPC rs8034802 minor allele carriers showed a greater increase with ILI compared with DSE for HDL-C (ILI per allele change±SE=0.70±0. 28 LIPC is known to biologically modify triglycerides and HDL-C, and here we demonstrate that LIPC variants are associated with the triglyceride and HDL-C response to a lifestyle intervention designed to reduce obesity and increase physical fitness.
Genes Selectively Associated With HDL-C Response
Of SNPs associated with baseline HDL-C or triglycerides, only 1 SNP strongly associated with baseline trait levels was also associated with a significant behavioral treatment response. CETP rs3764261 was strongly associated with baseline HDL-C (P=2.5×10 −24 ) and nominally associated with HDL-C change in response to ILI (P=0.0038) and showed a nominal treatment interaction at year 1 (SNP×treatment interaction P=0.047) in the full Look AHEAD cohort. The HDL-C increase in minor allele carriers of rs3764261 in the ILI group was lower in NHW participants compared with all Look AHEAD participants, and the SNP×treatment interaction no longer reached significance (P=0.13).
To illustrate the genotypic effect of CETP rs3764261 on HDL-C change in the entire Look AHEAD cohort, we calculated the expected HDL-C treatment response of 60-year-old men and women in the absence of lipid medication, pioglitazone, or rosiglitazone, based on our longitudinal statistical model. In response to ILI in both men and women, CETP rs3764261 minor allele carriers showed a greater increase in HDL-C than noncarriers (0.81 mg/dL per minor allele copy; 95% confidence interval, 0.26-1.36), with no significant difference by minor allele status observed in the DSE group ( Figure 1 ; Table 2 ). Stratification of the treatment effects by sex and genotypic group revealed a highly significant HDL-C response to ILI compared with DSE within each stratum (all P<0.002), with the exception of female homozygous carriers of the major allele (CC; Figure 1 ).
By comparison, the minor allele at zinc finger 259 (ZNF259) rs12286037, which GWAS predicted to be associated with a reduced HDL-C, showed a nominally significant treatment interaction (SNP×treatment interaction P=0.047) with a trend toward a lower HDL-C in response to behavioral intervention (P=0.082). APOB rs693 showed a nominally significant treatment response (ILI per allele change±SE=−0.51±0.27 versus DSE per allele change±SE=+0.27±0.26; SNP×treatment interaction P=0.0385) with the overall ILI treatment response in the same direction as predicted by GWAS. Finally, LIPC rs8034802 minor allele carriers showed a higher baseline HDL-C and a greater increase in HDL-C in response to ILI and not DSE. These findings indicate that ILI may strengthen the genetic association by promoting HDL-C change in the same direction as at baseline.
In response to behavioral treatment, FADS-2 rs1535 minor allele carriers demonstrated a significantly positive HDL-C response and nominal treatment interaction (ILI per allele change±SE=+0.82±0.28, P=0.0037 versus DSE per allele change±SE=−0.02±0.28, P=0.95; SNP×treatment interaction P=0.035). SNPs in GCKR selected for analysis based on their association with triglycerides were found to have a nominally significant SNP×treatment interaction for HDL-C including GCKR-P446L (rs1260326), which in ILI showed a per allele change±SE=−0.50±0.28 versus DSE per allele change±SE=+0.45±0.27 and SNP×treatment interaction P=0.014.
Genes Selectively Associated With Triglyceride Response Alone
No SNP associated with baseline log(triglycerides) also showed an SNP×Tx interaction for triglyceride response to behavioral intervention. A single SNP in AF4/FMR2 family member 1 (AFF1), APOB, phosphatidylglycerophosphate synthase-1 (PGS1), and 3 LIPC SNPs showed a nominally significant triglyceride behavioral treatment interaction ( 
Novel SNPs Associated With Differential Lipid Trait Response to Behavioral Therapy
Next, we asked whether alternate SNPs within CETP, LPL, LIPC, BUD13-APOA1 Region, FADS1/2/3, GCKR, and LCAT-DPEP2 that regulate HDL-C and triglyceride were more strongly associated with differential lipid trait response compared with the GWAS SNPs. Regional plots showing associations for baseline HDL-C, year 1 change with DSE and ILI, and differential change are shown for CETP in Figure 2A -2D. Interestingly, we observed SNPs nominally associated with HDL-C change within ILI and differential ILI-DSE response (P<0.05) in the 5′-region of CETP, which is the same region in which SNPs were highly associated with baseline HDL-C levels. We identified SNPs in LIPC, BUD13-APO complex, and FADS1/2/3, but not LPL or LCAT-DPEP2, which were significantly associated with differential change for each locus ( Figure IIA -IIF in the online-only Data Supplement). However, none of these locus-wide SNPs showed an association markedly stronger than that of the GWAS SNPs.
Discussion
To our knowledge, this is the largest study to analyze the interaction of genetic factors with a randomly assigned behavioral intervention on lipid trait change in the setting of established T2D. The role of genetic factors in polygenic dyslipidemia has been well defined, and examples of genetic modification of lipid behavioral treatment response have begun to emerge. 19, 20 Here, we present findings from Look AHEAD, taking advantage of the unique strength of the randomized trial study design in which the 2 standardized behavioral interventions (ILI and DSE) were randomly assigned, with ILI producing greater improvements in HDL-C and triglyceride levels relative to DSE at 1 year of follow-up. 11, 21 Although we replicate the association of many SNPs with baseline HDL-C and triglyceride levels, including several SNPs achieving a genomic level of significance, interestingly, only 1 SNP, CETP rs3764261, was strongly associated with baseline HDL-C and predicted behavioral treatment response. CETP rs3764261 showed a minor allele dose HDL-C difference at year 1 with ILI but not with DSE. Strikingly, women in the full Look AHEAD cohort who carried both major alleles (CC) did not have a significant HDL-C response to ILI, suggesting HDL-C resistance to behavioral treatment (Figure 1) . Similarly, minor alleles within GCKR, APOB, and ZNF259 predicted resistance to HDL-C improvement. The Women's Genome Health Study, 16 a prospective cohort study of healthy women, previously demonstrated significant effect modification for CETP SNP (rs1532624) with physical activity. Here, we demonstrate that rs3764261, which is modestly correlated with rs1532624 (r 2 =0.59), minor allele carriers had a greater increase in HDL-C in response to ILI with a significant SNP×treatment interaction (interaction P=0.047). By comparison, Sarzynski et al 22 found that rs3764261 did not modify the HDL-C response after bariatric surgery, which does not have a fitness intervention. We were unable to replicate findings from the Women's Genome Health Study for LPL (rs10096633, which we studied with rs17410962; r 2 =0.96) and LIPG (rs4939883, which we studied with rs2156552; r 2 =0.95). Differences between the Women's Genome Health Study and Look AHEAD participants may explain our results. Look AHEAD includes both men and women, all participants have T2D, and a median body mass index of ≈36 kg/m 2 , whereas Women's Genome Health Study participants have a low incidence of T2D and were not overweight (median body mass index, 24.1-25.7 kg/m 2 ). Look AHEAD participants also received a randomized, controlled behavioral intervention in the ILI arm, whereas Women's Genome Health Study observed genotype associations in the setting of usual selfreported physical activity. Collectively, our findings suggest Figure 1 . High-density lipoprotein cholesterol (HDL-C) behavioral treatment response by cholesterol ester transfer protein (CETP) rs3764261 genotype. Graph shows model predictions from the Action for Health in Diabetes (Look AHEAD) cohort for the mean and 95% confidence interval HDL-C difference (year 1−year 0) by CETP rs3764261 genotype as predicted for 60-year-old men and women not receiving a lipid-lowering medication, pioglitazone or rosiglitazone randomized to intensive lifestyle intervention (ILI; black dots) and diabetes mellitus support and education (DSE; shaded dots). The HDL-C difference in women was adjusted for the presence of hormone replacement therapy. The presence of ≥1 minor alleles in men and women was significantly associated with increased HDL-C change in the setting of ILI (P=0.0038 for both) but not for DSE (P=not significant for both). The HDL-C difference was significantly greater in the participants given ILI compared with DSE (**P<0.01; ***P<0.001), except for women CC carriers. genetic variation in CETP can modify HDL-C response to lifestyle intervention.
Three LIPC variants were associated with both HDL-C and to a lesser degree with triglyceride response treatment interaction in the entire Look AHEAD cohort or the NHW subset including the LIPC-514(C/T) polymorphism (rs1800588), which has been associated with LPL expression, 23 activity, 24 and particularly in the setting of a low-fat diet. 25, 26 We found that LIPC-514(C/T) polymorphism (rs1800588) minor allele carriers showed a significantly greater HDL-C increase in response to ILI and not in response to DSE.
We identified significant HDL-C treatment interactions with SNPs previously associated with diet and metabolic factors. The Diabetes Prevention Program demonstrated an interaction of GCKR-P446L (rs1260326) with a lifestyle intervention on triglyceride levels. 19 In Look AHEAD, GCKR-P446L modified the behavioral treatment response of HDL-C but not triglyceride, although it selectively was associated with baseline triglyceride levels. GCKR-P446L has been shown to be associated with reduced GCKR expression, lower glucose-stimulated GCK inhibitory activity, 27 and to interact with plasma N-3 polyunsaturated fat levels modulating fasting insulin levels and inflammatory markers. 28 GCKR rs780094 also interacts with dietary whole grain intake on fasting insulin levels 29 and modifies the HDL-C response to behavioral treatment. The FADS1/2/3 locus SNPs described here, which have an association with differential HDL-C response to behavioral intervention, have previously been associated with low-density lipoprotein response to dietary polyunsaturated fatty acid. 30 APOB rs693, which has important effects on low-density lipoprotein cholesterol, 31 was found here to be associated with the HDL-C behavioral treatment response. It is worth emphasizing that weight loss in Look AHEAD participants, particularly in the ILI group, correlated with meal replacement consumption 32 and cessation of binge eating practices. 33 We speculate that improved diet in ILI participants contributes to the differential genetic associations of GCKR, FADS1/2/3, and APOB SNPs with year 1 HDL-C changes.
LIPC, AFF1, and PGS1 SNPs that showed nominally significant treatment interactions for triglycerides all showed significant associations with triglyceride change in the DSE group and not in the ILI group. These examples suggest that genetic variants may have an effect on triglyceride change observable only in more sedentary people with a stable weight. We interpret this finding to indicate that the influence of genetic factors on triglyceride response may not be capable of modifying the response to an intensive behavioral intervention designed to achieve weight loss and improved fitness. PGS1 rs4082919 showed the strongest SNP×treatment interaction for triglyceride response, which is surprising because that SNP was included in our analysis based on its association with HDL-C and not triglycerides. 7 By comparison, GCKR SNPs included in the analysis because of their association with triglyceride levels 7 showed an SNP×treatment interaction for HDL-C and not triglycerides. These examples indicate that SNPs associated with baseline traits may modify the treatment response of a related biomarker.
We did not identify any novel SNPs included in the genes under study that affect HDL-C or triglyceride response to behavioral intervention. We cannot exclude the possibility of there being genomic loci that modify HDL-C and triglyceride behavioral treatment response somewhere in the genome. Future genome-wide association analysis will allow the determination of whether common gene variants modify behavioral treatment response.
We recognize several limitations of our study. First, the size of Look AHEAD is smaller than many GWASs, and, therefore, our ability to replicate SNP associations with baseline lipid levels or to distinguish their effect on behavioral treatment response was limited. Second, we acknowledge that our findings of genotype-treatment response interaction cannot be tested in a replication cohort because there is currently no cohort available with similar enrollment criteria subject to a randomized behavioral treatment. Furthermore, we report nominally significant interaction P<0.05 that does not surpass our experiment-wide significance threshold used for testing main SNP effects on baseline outcomes. SNP×treatment interactions are likely to have smaller effect sizes than SNP main effects, suggesting that P<0.05, but above the threshold corrected for multiple testing, may still be informative. However, we acknowledge that because of a lack of replication and the nominal significance of our interaction P values, our findings must be considered as hypothesis generating. Third, although SNPs studied here were selected on the basis of their previous association with HDL-C and triglycerides by well-powered GWASs, we cannot exclude the possibility that there are other important gene variants that influence HDL-C and triglyceride response to behavioral intervention that were not studied. Furthermore, we cannot exclude the possibility that SNP associations demonstrated here may have been influenced by unappreciated genetic structure within the population. We sought to control for population stratification through the inclusion of the first 2 principal components derived from ancestry informative markers as covariates in our models; an approach that for cardiovascular disease risk factors yields information close to self-reported race, 34 while offering the ability to classify race and ethnicity for every available Look AHEAD participant. In addition, we find that association results for Look AHEAD participants who self-reported their race and ethnicity as NHW were similar to the results from the entire cohort. We acknowledge that our results in Look AHEAD may be most reflective of NHWs and may not be generalizable to all racial and ethnic groups. Finally, we acknowledge that although our findings from Look AHEAD may apply to a growing population of individuals with T2D, our findings may not be generalizable to a nondiabetic population.
Overall, our findings demonstrate evidence that select variants contained within genes that have undisputed roles in lipid traits seem to modify HDL-C and triglyceride response to lifestyle intervention. However, the effect of genetic factors on lipid responses to behavioral intervention may not be consistently predicted by their baseline associations and are susceptible to modification. These results provide new insight into the biology of HDL-C and triglycerides and demonstrate the genetic effects on the response to an environmental change. It should be noted that all of the individual genetic effects were smaller than the aggregate HDL-C and triglyceride responses to ILI. Therefore, we conclude that although there is evidence of significant effect modification, individual genetic factors do not prevent favorable HDL-C and triglyceride response to behavioral treatment. Collectively, we conclude that an intensive behavioral intervention for T2D and obesity is effective despite the presence of genetic factors that resist HDL-C and triglyceride responses.
